Background: Sluggish cognitive tempo (SCT) is distinct from attention-deficit/hyperactivity disorder inattention (ADHD-IN) and concurrently associated with a range of impairment domains. However, few longitudinal studies have examined SCT as a longitudinal predictor of adjustment. Studies to date have all used a relatively short longitudinal time span (6 months to 2 years) and only rating scale measures of adjustment. Using a prospective, multi-method design, this study examined whether SCT and ADHD-IN were differentially associated with functioning over a 10-year period between preschool and the end of ninth grade. Methods: Latent state-trait modeling determined the trait variance (i.e. consistency across occasions) of SCT and ADHD-IN across four measurement points (preschool and the end of kindergarten, first grade, and second grade) in a large populationbased longitudinal sample (N = 976). Regression analyses were used to examine trait SCT and ADHD-IN factors in early childhood as predictors of functioning at the end of ninth grade (i.e. parent ratings of psychopathology and social/academic functioning, reading and mathematics academic achievement scores, processing speed and working memory). Results: Both SCT and ADHD-IN contained more trait variance (Ms = 65% and 61%, respectively) than occasion-specific variance (Ms = 35% and 39%) in early childhood, with trait variance increasing as children progressed from preschool through early elementary school. In regression analyses: (a) SCT significantly predicted greater withdrawal and anxiety/depression whereas ADHD-IN did not uniquely predict these internalizing domains; (b) ADHD-IN uniquely predicted more externalizing behaviors whereas SCT uniquely predicted fewer externalizing behaviors; (c) SCT uniquely predicted shyness whereas both SCT and ADHD-IN uniquely predicted global social difficulties; and (d) ADHD-IN uniquely predicted poorer math achievement and slower processing speed whereas SCT more consistently predicted poorer reading achievement. Conclusions: Findings of this study -from the longest prospective sample to date -provide the clearest evidence yet that SCT and ADHD-IN often differ when it comes to the functional outcomes they predict.
Introduction
Studies on sluggish cognitive tempo (SCT) in children have demonstrated that SCT is (a) internally consistent, generally stable over time, and likely heritable, (b) empirically distinct from attentiondeficit/hyperactivity disorder (ADHD) and other psychopathologies and (c) associated with poorer functioning across a number of adjustment domains (Barkley, 2014; Becker et al., 2016) . These findings raise the possibility that SCT may be its own psychiatric disorder (Barkley, 2014) or a construct of transdiagnostic importance (Becker & Willcutt, 2018; Becker et al., 2016) .
SCT is currently defined by behavioral symptoms reflecting both slowness/drowsiness (e.g. sluggishness, appearing sleepy) and inconsistent alertness/mental confusion (e.g. daydreaming, seeming to be in a fog). Although SCT and ADHD inattentive (ADHD-IN) symptoms are empirically distinct, they are strongly correlated (r = .63) in childhood . Both SCT and ADHD-IN are conceptualized as reflecting difficulties in attention regulation, though perhaps with different etiologies in attentional brain systems (Barkley, 2014; Becker & Willcutt, 2018) . For example, it has been hypothesized that SCT may in part derive from poor efficiency in the orienting network (Becker & Willcutt, 2018) , and a recent neuroimaging study found SCT to be associated with hypoactivity in the superior parietal lobe consistent with this possibility (Fassbender, Krafft, & Schweitzer, 2015) . Still, given the strong associations between SCT and ADHD-IN and at times similar item content, researchers have questioned if SCT and ADHD-IN are theoretically or empirically distinct as well as associated with distinct functional outcomes.
SCT in relation to mental health, social, academic, and neuropsychological functioning
Research examining the clinical correlates of SCT has largely focused on whether SCT is associated with functioning above and beyond the contribution of ADHD-IN. These efforts have generally reported consistent findings linking SCT to increased internalizing symptoms (e.g. depression, anxiety, somatization; Barkley, 2013; Becker, Luebbe, Fite, Stoppelbein, & Greening, 2014; Lee, Burns, & Becker, 2017; Penny, Waschbusch, Klein, Corkum, & Eskes, 2009 ) and social difficulties including social withdrawal/isolation specifically (Becker, Garner, Tamm, Antonini, & Epstein, 2017; Carlson & Mann, 2002; Marshall, Evans, Eiraldi, Becker, & Power, 2014; Willcutt et al., 2014) . In addition, SCT and ADHD-IN are differentially related to externalizing behaviors; whereas ADHD-IN symptoms are strongly, positively associated with externalizing behaviors (e.g. hyperactivity-impulsivity [ADHD-HI] , oppositional defiant disorder [ODD] , aggression), SCT is either unassociated with these behaviors or negatively associated with externalizing behaviors when controlling for ADHD-IN .
There is less clear evidence linking SCT to academic functioning. Some recent studies have found SCT symptoms to be associated with greater academic impairment ratings, above and beyond ADHD-IN symptoms (Khadka, Burns, & Becker, 2016; Lee, Burns, Beauchaine, & Becker, 2016; Smith & Langberg, 2017) , though mixed findings have also been reported (Belmar, Servera, Becker, & Burns, 2017; Lee, Burns, & Becker, 2018) . The evidence is also mixed among studies examining SCT in relation to academic achievement test performance. Some studies have found SCT to be unassociated with academic achievement when controlling for ADHD-IN (Becker & Langberg, 2013; Marshall et al., 2014) . Others have found parent-rated SCT to be associated with reading achievement but not math achievement (Hartman, Willcutt, Rhee, & Pennington, 2004; Tamm et al., 2016) , math achievement but not reading (Bauermeister, Barkley, Bauermeister, Martinez, & McBurnett, 2012) , or uniquely associated with both (Willcutt et al., 2014) . These mixed findings underscore the need for additional research.
Findings for neuropsychological test performance are even less consistent, though few studies have examined both SCT and ADHD-IN as independent predictors of neuropsychological functioning. When SCT and ADHD-IN have been considered simultaneously, SCT is uniquely associated with poorer sustained attention, whereas ADHD-IN is uniquely associated with poorer working memory performance (Bauermeister et al., 2012; Tamm, Brenner, Bamberger, & Becker, 2018; W ahlstedt & Bohlin, 2010; Willcutt et al., 2014) . In some studies, both SCT and ADHD-IN are associated with slower processing speed (Tamm et al., 2018; Willcutt et al., 2014) , whereas others have found that SCT is unassociated with processing speed above and beyond ADHD-IN symptoms (Bauermeister et al., 2012; Wood, Potts, Lewandowski, & Lovett, 2017) . Additional studies are needed to evaluate whether SCT is associated with neuropsychological test performance and processing speed specifically.
The need to differentiate SCT and ADHD-IN using longitudinal research
As research findings linking SCT to adjustment have accumulated, one key issue has remained largely unchanged: the need for longitudinal research (Becker, 2017) . The vast majority of empirical findings are based on cross-sectional research. We are aware of only two samples that have examined SCT as a longitudinal predictor of adjustment (Becker, 2014; Bernad, Servera, Becker, & Burns, 2016; Servera, Bernad, Carrillo, Collado, & Burns, 2016) . In the first study, Becker (Becker, 2014) found SCT symptoms to predict increases in teacher-rated peer difficulties over the course of a single school year in a sample of 176 children. The other three longitudinal studies examining the predictive validity of SCT used the same sample of 758 Spanish children studied across 1-and 2-year longitudinal spans. Together, these studies generally found SCT symptoms to predict higher depressive and anxiety symptoms, as well as increased social and academic impairment, independent of ADHD-IN. SCT symptoms were also either unassociated or associated with less ADHD-HI and ODD symptoms when controlling for ADHD-IN Servera et al., 2016) .
Although these studies provide key initial evidence of SCT predicting later adjustment in children, they have all used a relatively short longitudinal time span (i.e. 6 months to 2 years) and only rating scale measures of functioning. Studies examining the functional correlates of SCT over longer developmental periods are needed. Since SCT symptoms increase slightly from childhood to adolescence , it is especially important to understand whether SCT symptoms in childhood also predict functioning during adolescent development. If SCT and ADHD-IN in childhood differentially predict functioning domains in adolescence, such findings would further advance the validity of the SCT construct and inform how distinct but closely related attentional problems may have different developmental outcomes. Research in this vein is important for advancing theory and, ultimately, clinical care. For instance, findings from longitudinal research linking SCT to greater internalizing psychopathology and less externalizing psychopathology would shed light on the hypothesis that SCT is best conceptualized as part of the internalizing rather than externalizing spectra of psychopathology, which itself is theoretically important and has implications for etiology, pathophysiology, developmental course, and treatment (Becker & Willcutt, 2018) .
This study
Using a prospective longitudinal, multimethod design, this study examined whether SCT symptoms were associated with functioning over a 10-year period between preschool and the end of ninth grade. Specifically, in a large sample representative of the State of Colorado (United States), parent report of SCT and ADHD-IN symptoms were collected when children were in preschool and again at the end of kindergarten, first grade, and second grade. These four assessments were used to determine the amount of trait and occasion-specific variance in the SCT and ADHD-IN symptom ratings in early childhood (Objective 1). Trait variance (i.e. consistency across occasions) reflects true score variance that is purely person-specific and independent of the occasion and/or person-occasion interaction while occasionspecific variance reflects true score variance that is specific to the occasion of measurement and/or person-occasion interaction. We predicted that the SCT and ADHD-IN symptom ratings would contain more trait than occasion-specific variance (Preszler, Burns, Litson, Geiser, Servera, & Becker, 2017) .
We then examined whether the SCT and ADHD-IN trait factors in early childhood were correlated with functioning assessed at the end of ninth grade (Objective 2). We examined functioning using parent ratings (i.e. internalizing symptoms, externalizing behaviors, social difficulties, reading/math skills), academic achievement test performance (i.e. reading achievement, mathematics achievement), and neuropsychological test performance (i.e. processing speed, working memory). Finally, regression analyses were conducted to examine whether the SCT trait factor in early childhood was independently associated with adolescent functioning above and beyond the ADHD-IN trait factor, and likewise, whether the ADHD-IN trait factor in early childhood was independently associated with adolescent functioning above and beyond the SCT trait factor (Objective 3). We hypothesized that trait SCT and ADHD-IN in early childhood would each be independently associated with adolescent functioning, but in different ways. We expected trait SCT in early childhood to uniquely predict greater internalizing symptoms and academic and social difficulties (Becker, 2014; Becker et al., 2016; Bernad et al., 2016; Willcutt et al., 2014) . We also expected trait SCT in early childhood to be unassociated with or to predict lower externalizing behaviors in adolescence Carlson & Mann, 2002; Marshall et al., 2014) . Given mixed findings in previous research, we tentatively hypothesized that trait SCT would uniquely predict lower reading and mathematics achievement scores, but would not uniquely predict processing speed or working memory test scores (Bauermeister et al., 2012; Hartman et al., 2004; Tamm et al., 2016; Willcutt et al., 2014; Wood et al., 2017) . We expected trait ADHD-IN in early childhood to uniquely predict greater externalizing behaviors and academic and social difficulties, as well as lower achievement and neuropsychological test scores in adolescence (Bauermeister et al., 2012; Bernad et al., 2016; Willcutt et al., 2014) . Finally, we expected trait ADHD-IN to be unassociated or weakly associated with internalizing symptoms when controlling for trait SCT Bernad et al., 2016; Penny et al., 2009 ).
Methods

Participants
Participants were 976 individuals drawn from 224 monozygotic (i.e. identical) and 265 dizygotic (i.e. fraternal) twin pairs (50% female) with 965, 904, 884, 900, and 930 individuals at the prekindergarten, kindergarten, first grade, second grade, and ninth-grade assessments, respectively. There were 12 prekindergarten children without SCT or ADHD-IN ratings at the prekindergarten timepoint, though these children could have SCT or ADHD-IN ratings at subsequent waves, resulting in a total of 976 unique children in the study. Thus, retention of the full sample at the ninth-grade assessment was 95%.
All participants were part of the Colorado component of the International Longitudinal Twin Study of Early Reading Development (ILTSERD; e.g. Christopher et al., 2015) . The Colorado twins were recruited from the Colorado Twin Registry, a registry based on birth records that includes information on over 90% of all twin births in Colorado. Comparisons with available normative data on several measures suggest that the current sample is representative of the overall population in the state (Christopher et al., 2015) . Approximately 85% of mothers and 83% of fathers identified as White; most mothers (61%) and fathers (54%) completed 13-16 years of education See Table 1 for additional details regarding parental race/ethnicity, education level, and other sample characteristics.
Procedures
The twins were first assessed during the summer prior to starting kindergarten (M age = 4.9 years). After the initial preschool assessment, participants were assessed again in the summers following kindergarten (M age = 6.3 years), first grade (M age = 7.4 years), second grade (M age = 8.5 years), and ninth grade (M age = 15.5 years).
Overall testing procedures for the ILTSERD are described elsewhere (e.g. Christopher et al., 2015) . Briefly, at each wave the twins completed a battery of measures in an individual testing session while one parent or caregiver completed a battery of questionnaires that included the measures described in this study. Testing was completed in a single session in the twins' homes or at the University of Colorado Boulder. All study procedures were approved by the Institutional Review Board. Informed consent or assent was obtained from all participants and their parents at initial enrollment and at each follow-up assessment.
Measures
A brief overview of measures is provided here, with a more thorough description of the measures provided in the online supporting information, including a table summarizing the psychometric properties of the measures at each assessment wave (Table S1 ).
ADHD and SCT. At each of the assessments the Disruptive Behavior Rating Scale (DBRS; Barkley & Murphy, 1998) was used to obtain parent ratings of 18 symptoms of ADHD and nine symptoms of ODD. Nearly all ratings were completed by the mother at all time points (90%-95%). On the DBRS, the parent is asked to indicate how often in the last 6 months each symptom occurred on a four-point scale (0 = never or rarely, 1 = sometimes, 2 = often, and 3 = very often). At each assessment seven potential SCT symptoms were rated by parents on the same scale as the DBRS. Five of these seven SCT symptoms showed convergent and discriminant validity with the ADHD-IN factor: (a) sluggish, slow to respond, (b) seems to be in a fog, (c) drowsy or sleepy, (d) easily confused and (e) daydreams, stares into space. These five symptoms defined the SCT construct. Two of the SCT symptoms (seems not to hear; absented minded, forgets things) loaded equally on the SCT and ADHD-IN factors for each of the four occasions, thus failing to show discriminant validity. The five items used to define the SCT construct in this study demonstrate adequate internal consistency (as = .70-.77 across waves; see Table S1 ) and include some aspects of both slowness/drowsiness and inconsistent alertness that have been used to define SCT in previous studies (Barkley, 2013; Lee, Burns, Snell, & McBurnett, 2014; McBurnett et al., 2014; Penny et al., 2009 ).
Other symptom dimensions. During the assessment at the end of ninth grade, parents completed the Child Behavior Checklist (CBCL; Achenbach & Rescorla, 2001 ). The narrowband scales used in this study were Withdrawn, Anxiety/ Depression, Somatic Complaints, Aggressive Behavior, and Delinquent Behavior.
Social functioning. A parent rating of shyness was provided on the same scale as the DBRS described earlier. In addition, overall social difficulties were assessed by parent ratings on the Colorado Learning Difficulties Questionnaire (CLDQ; Willcutt et al., 2011 Torgesen, Wagner, & Rashotte, 1999) measures fluent reading of single words. For math, the WJ-III includes an untimed paper-and-pencil measure of mathematics calculations (Calculations), a subtest that requires participants to complete math word problems that are presented orally by the examiner (Applied Problems), and a subtest that requires participants to complete as many simple arithmetic problems as possible within three minutes (Math Fluency).
Cognition. Three widely used cognitive measures were administered at the end of ninth grade to assess working memory and processing speed, two cognitive domains that may be associated with SCT . The WISC-R Digit Span subtest (Wechsler, 1974 ) assesses short-term verbal and working memory, and the WISC-R Coding subtest (Wechsler, 1974) and WISC-III Symbol Search subtest (Wechsler, 1991) are paper-and-pencil measures of processing speed.
Analytic approach
Estimation, clustering, and model fit. (Little, 2013) procedure to create homogenous parcels was used to assign items to the parcels (for justification on the use of parcels, see Little, Rhemtulla, Gibson, & Schoemann, 2013) . Figure 1 shows this LST model (see Geiser, Hintz, Burns, and Servera (2017) , for a more detailed description of LST models).
Objective 2 
Results
Missing data
Participants with missing information on the 20 ninth-grade measures were compared to participants with information on the 20 ninth grade measures on the ADHD-IN and SCT measures for the prekindergarten, kindergarten, first grade, and second grade assessments (i.e. 20 multivariate F-tests on the eight ADHD-IN and SCT measures). None of the 20 multivariate tests were significant (ps > .3). Covariance coverage varied from 85%-99% for the LST trait model, indicating little missing information for the SCT and ADHD-IN symptom ratings for the first 4 years. For the regression models, covariance coverage varied from 79%-98%. An examination of the patterns of missing information for the predictors and outcomes did not suggest any systematic reasons for missing information. The robust maximum likelihood estimator does not eliminate any data (Brown, 2015, chap. 9 ).
Latent State-Trait (LST) model
The LST model resulted in close fit, v 2 (259) = 345, p < .001, CFI = .990, RMSEA = .018 (.013, .023), and SRMR = .038. There was also no meaningful localized ill-fit in this model (e.g. for the 276 residuals in the residual covariance matrix there were none larger than .03 with most less than .01). The   SCT1  SCT2  SCT3  SCT1  SCT2  SCT3  SCT1  SCT2  SCT3  SCT1  SCT2  SCT3   IN1  IN2  IN3  IN1  IN2  IN3  IN1  IN2  IN3  IN1  IN2 The correlation between the SCT and ADHD-IN trait factors was 0.66 (SE = .04), indicating moderate discriminant validity (i.e. only 44% of their true score variance was shared, which is considered good given both constructs represent attention problems). Given the close fit of this model and the substantial amount of trait variance in SCT and ADHD-IN trait factors (Objective 1), it was appropriate to determine the ability of the childhood SCT and ADHD-IN trait factors to predict adolescent functioning.
Early childhood SCT and ADHD-IN trait factors' bivariate and unique relationships with adolescent functioning Table 2 shows the correlations and partial standardized regression coefficients between the childhood SCT and ADHD-IN trait factors and the measures of adolescent functioning. With the exception of childhood trait SCT in relation to adolescent delinquency, both SCT and ADHD-IN trait factors in childhood were significantly correlated with adolescent functional outcomes. Our focus herein is on the unique effects of the SCT and ADHD-IN trait factors in relation to adolescent functioning.
Externalizing symptom dimensions. Higher scores on the ADHD-IN trait factor significantly predicted (ps < .001) higher scores on the aggression, delinquency, ADHD-HI, and ODD measures after controlling for the SCT trait factor. In contrast, higher scores on the SCT trait factor significantly predicted (ps < .05) lower scores on the externalizing measures after controlling for the ADHD-IN trait factor (i.e. a double dissociation).
Internalizing symptom dimensions. Higher scores on the childhood SCT trait factor significantly (ps < .05) predicted higher scores on the withdrawal and anxiety/depression measures after controlling for childhood ADHD-IN trait factor whereas the reverse was not true. Neither the SCT or ADHD-IN trait factors showed a significant (ps > .05) unique relationship with somatic complaints.
Social functioning dimensions. Higher scores on the SCT trait factor significantly (p < .001) predicted greater shyness after controlling for the ADHD-IN trait factor whereas the ADHD-IN trait did not uniquely predict shyness. Higher scores on the ADHD-IN and SCT trait factors both uniquely predicted (p < .05) greater social impairment.
Parent perception of academic impairment. Higher scores on the SCT and ADHD-IN trait factors both uniquely predicted (ps < .05) higher levels of parent perception of math impairment while only higher scores on the ADHD-IN trait factor uniquely predicted (p < .001) parental perception of adolescent impairment in reading.
Reading achievement. Higher scores on the SCT trait factor significantly predicted (ps < .05) lower scores on the four reading measures even after controlling for the ADHD-IN trait factor. In contrast, higher scores on the ADHD-IN trait factor only uniquely predicted (p < .05) lower scores on WJ Reading Fluency.
Mathematics achievement. Only higher scores on the ADHD-IN trait factor uniquely predicted (ps < .05) lower scores on the three measures of mathematics achievement.
Processing speed and working memory. Only higher scores on the ADHD-IN trait factor uniquely predicted (ps < .001) lower scores on the Coding and Symbol Search measures of processing speed. Neither the SCT nor the ADHD-IN trait factor uniquely predicted scores on the Digit Span measure of working memory. 
Discussion
This study examined whether trait SCT in early childhood was associated with functioning in adolescence and, moreover, whether SCT and ADHD-IN trait factors in early childhood demonstrated independent and unique associations with adolescent functioning. This study, covering a 10-year period from preschool to the end of ninth grade, is by far the longest developmental span examined in studies evaluating the longitudinal outcomes associated with SCT, either in isolation or as differentiated from ADHD-IN.
The first key finding is that both SCT and ADHD-IN contained more trait variance than occasion-specific variance in early childhood. In addition, trait variance increased as children progressed from preschool through early elementary school. The mean trait variance for SCT and ADHD-IN (65% and 61%, respectively) across four measurement occasions in this study was very similar to two other studies that examined trait variance for SCT and ADHD-IN (69% for both factors) as well as ODD symptoms (67%) and callous-unemotional traits (64%) in Spanish children across three occasions over a 12-month period starting in the spring of first grade (Litson, Geiser, Burns, & Servera, 2016; Preszler, Burns, Litson, Geiser, Servera, & Becker, 2017; Seijas, Servera, Garc ıa-Banda, Barry, & Burns, 2017) . Thus, particularly once children are in formal schooling, both SCT and ADHD-IN are largely trait-like to a degree similar to some other psychopathologies. This finding casts doubt on the suggestion that SCT may primarily represent a fluctuating state caused by poor sleep (Fallone, Acebo, Seifer, & Carskadon, 2005) and, indeed, SCT has now been shown in two studies to be as much trait-like as ADHD-IN. Nevertheless, both SCT and ADHD-IN have some degree of state variance, and improving sleep reduces both SCT and ADHD-IN symptoms . More research is needed to understand the trait and state nature of SCT, including whether certain aspects of SCT are more state-like than others and perhaps more receptive to intervention.
After isolating the trait variance of SCT and ADHD-IN from preschool through second grade, we examined whether these trait factors were not only correlated with but also differential predictors of functioning at the end of ninth grade. SCT and ADHD-IN are themselves strongly correlated . And yet, as has been repeatedly shown in cross-sectional studies and in a handful of shortterm longitudinal studies, SCT and ADHD-IN have different external correlates when considered simultaneously (Becker & Barkley, 2018) . We found the correlation between the trait ADHD-IN and trait SCT factors to be .66 indicating that these factors shared 44% of their true score variance. Furthermore, the findings of this study -from the longest prospective sample to date -provide the clearest evidence yet that SCT and ADHD-IN often part ways when it comes to the functional outcomes they predict. These findings can be summarized as follows: (a) SCT significantly predicted greater withdrawal and anxiety/depression whereas ADHD-IN did not uniquely predict these internalizing domains; (b) ADHD-IN uniquely predicted more externalizing behaviors whereas SCT uniquely predicted fewer externalizing behaviors; (c) SCT uniquely predicted shyness whereas both SCT and ADHD-IN uniquely predicted global social difficulties; and (d) ADHD-IN uniquely predicted poorer math achievement and slower processing speed whereas SCT more consistently predicted poorer reading achievement. Thus, the pattern of findings is one whereby the SCT attentional problem characterized in part by internal distractibility (e.g. excessive daydreaming) predicts subsequent internalizing psychopathology and withdrawn/shy behaviors, whereas the ADHD-IN attentional problem characterized in part by external distractibility (e.g. extraneous stimuli) predicts subsequent externalizing psychopathology and behaviors. Although this is an oversimplification of the complexities of information processing and attention regulation difficulties, as well as their associations with functional outcomes, this possibility warrants empirical scrutiny with laboratory-based measures of mind wandering that can distinguish between internal and external distractors (Smallwood & Schooler, 2015) . The separation of SCT and ADHD-IN in their relations to internalizing and externalizing psychopathologies also points to the value of examining SCT and ADHD-IN within hierarchical models of psychopathology, particularly as findings from such efforts may situate SCT within a theoretical framework and guide hypotheses for future work (Becker & Willcutt, 2018) .
Our academic achievement findings indicate that both SCT and ADHD-IN are uniquely associated with poorer reading on timed fluency tests, and SCT is also uniquely associated with poorer reading performance on untimed tests that assess basic word identification and passage comprehension. It is noteworthy that the WJ Passage Comprehension subtest has a strong decoding component (Keenan, Betjemann, & Olson, 2008) , as do word identification skills, suggesting that SCT may have a more negative impact than ADHD-IN for decoding specifically. In contrast, our findings indicate that ADHD-IN has a more negative impact than SCT on mathematics achievement, including both timed and untimed math tasks. The link between ADHD-IN and poorer math achievement may be due to increased careless errors, especially in the face of possible working memory deficits (Antonini et al., 2016) . Similarly, we found ADHD-IN but not SCT to be uniquely associated with slower processing speed, a finding that echoes some (Bauermeister et al., 2012; Wood et al., 2017) but not all (Jacobson, Geist, & Mahone, 2018; Tamm et al., 2018; Willcutt et al., 2014) previous cross-sectional research. In any event, SCT has not been consistently linked to slower processing speed, which raises the issue of what precisely is the "sluggish cognitive" nature of SCT. It would be advantageous for future studies to consider developmental differences in the possible link between SCT and processing speed (Jacobson et al., 2018) , to employ multiple processing speed measures with varying degrees of complexity (Cepeda, Blackwell, & Munakata, 2013) , and to examine processing speed under different conditions (e.g. high memory load). There is also preliminary evidence that SCT may be associated with slower motor speed (Hinshaw, Carte, Sami, Treuting, & Zupan, 2002) and early selective attention deficits (Huang-Pollock, Nigg, & Carr, 2005) , as well as parent ratings of children's punishment (vs. reward) sensitivity , none of which were measured in this study but nonetheless warrant further investigation.
Limitations and future directions
Findings should be considered in the light of study strengths and limitations. Our use of a large sample representative of the state of Colorado bolsters confidence in the generalizability of the study findings. Still, all longitudinal studies examining SCT have relied on community/school-based samples, with no studies examining whether SCT predicts later functioning in clinical samples of youth or youth recruited based on elevated SCT specifically. In addition, our sample was primarily White and well-educated. It is thus unclear whether our findings will generalize to clinical samples or samples that are more racially and socioeconomically diverse. In addition, the SCT items used in this study do not capture the full breadth of SCT symptomatology, though we have added confidence in our SCT symptom set given that it includes both the slowed/sleepy and inconsistent alertness aspects of SCT and our findings largely replicate previous cross-sectional research . Nevertheless, additional studies with well-validated measures of SCT would be informative for replicating and extending our findings. For example, studies using measures with more items tapping performance speed/mental confusion may be better poised to examine whether, and under what conditions, SCT is associated with processing speed. Although a strength of our study was the inclusion of parent ratings, academic achievement testing, and neuropsychological performance as outcome domains, it would be beneficial to future studies to incorporate other methods such as additional measures of academic and neuropsychological performance, along with teacher ratings (particularly for academic functioning) and youth self-report (particularly for internalizing symptoms). Indeed, the lack of adolescent self-report of internalizing symptoms is a significant limitation of this study. It would also be informative for future studies to examine the overlap of children with clinically elevated SCT and/or ADHD, estimated to co-occur in 27%-60% of cases (Barkley, 2013; Servera, Sá ez, Burns, & Becker, in press) and in 25%-40% of participants in this study (see Table 1 ), in longitudinal designs to examine the stability of elevations and their co-occurrence and correspondence with functional outcomes.
Conclusions
Findings of a prospective study spanning a 10-year period provide the strongest longitudinal evidence so far that SCT is more trait-than state-like and also uniquely associated with important developmental outcomes including withdrawal/shyness, internalizing symptoms, and lower reading achievement. These results provide strong support for the validity of SCT, the discriminant validity of SCT and ADHD-IN, and the importance of including SCT in broader models of attentional problems in youth.
Supporting information
Additional supporting information may be found online in the Supporting Information section at the end of the article: Table S1 . Descriptive information on study measures. Appendix S1. Additional description of study measures. Appendix S2. Single source-two construct latent statetrait model with autoregressive coefficients. examined correlations of SCT and ADHD-IN with estimated IQ (average of WPPSI-R Vocabulary and Block Design subtests). Both trait SCT and trait ADHD-IN were significantly associated with lower IQ (rs = À.23 and À.27, respectively), with Mplus model constraint procedure indicating that the magnitude of the correlation was stronger for ADHD-IN (p < .001).
